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Abstract 

Coherent Att" production on Pb of 600 GeV S~ hyperons has been studied with 
the SELEX facility at Fermilab. Using the Primakoff formahsm, we set a 90% CL 
upper limit on the radiative decay width r[S(1385)~ 5]~7] < 9.5 keV, and esti- 
mate the cross section for 7^" Att" at ^/s « 1.385 GeV to be 56 ± 16 iih. 



Key words: Hyperon radiative decay, Primakoff effect 
PACS: 13.30.Ce, 13.40.Hq, 14.20. Jn 
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1 Introduction 



Radiative decays of hadrons and other electromagnetic processes play an im- 
portant role in the phenomenology of high energy physics. Interactions of real 
and virtual photons with electric charges of quark fields provide unique in- 
formation about the quark content of hadrons and about phenomenological 
parameters such as form factors, magnetic moments, polarizabilities, etc. Be- 
ing simpler to analyze than purely hadronic phenomena, such processes serve 
as a good testing ground for models of hadrons. 

A lot of data is available on radiative decays of mesons Electromagnetic 
properties of the and A baryons have also been studied extensively in reso- 
nance photoproduction and electroproduction reactions However, experi- 
mental data on radiative decays of hyperons (we do not include weak radiative 
decays) are rather scarce Only TP A7 and A(1520) — > A7 decays have 
been measured thus far. There are also indirect model-dependent estimates for 
A(1405) — >• A/S° 7 decays, based on the study of radiative capture of kaons in 
A'~-mesonic atoms. No other radiative decays of hyperons have been observed, 
and previous upper limits are not very sensitive 

Electromagnetic decays S(1385)^ — > S~7 and S(1530)^ S~7 are of partic- 
ular interest. In the limit of unbroken SU(3) symmetry, these decays are forbid- 
den by f/-spin conservation Consequently, their observation could provide 
information on the SU(3) breaking mechanism. The decay E(1385)^ ^"7 
has been considered in the framework of SU(3) and SU(6) symmetry-breaking 
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schemes j6| 
MIT bag modej_ 
bation theory 
ments 




Skyrme model [11 



in the nonrelatiyistic quark model of Isgur and Karl j9[ , the 



_baryon chiral pertur- 
and in other treat- 



laiJJJ, heay 
quenched lattice calculations 
Predictions for the radiative width vary from 1 to 9.5 keV, 
although most models predict a width of less than 4 keV. 

The direct decay of S(1385)~ — >■ S~7 is difficult to measure because of its 
small partial width and high background from the S(1385)~ — > S~7r° decay 
with one lost photon. However, the width for this and many other decays 
of the type 0^/1 + 7 can be measured in the inverse reaction of coherent 
electromagnetic production in the Coulomb field of atomic nuclei 



h+{A,Z) ^a+{A, Z) 



The cross section for such reactions is proportional to the radiative decay width 
r(a h + j). Thus T{a —^h + j) can be determined by measuring the abso- 
lute cross section of the Coulomb contribution to Reaction (1). This method 
was proposed initially by Primakoff, Pomeranchuk and Shmushkevich 



and is usually referred to as the Primakoff effect. Detailed description of the 
method may be found in many review papers |22i] and references therein. 

In this Letter, we present results of a search for the Coulomb production 
reaction 

+ Pb ^ S(1385)- + Pb 

I (2) 



at a beam energy of approximately 600 GeV in an experiment using the SE- 
LEX spectrometer (E781) at Fermilab. 



2 Experimental apparatus 



The SELEX facility [23[ is a forward magnetic spectrometer with scintillation 
counters and hodoscopes, proportional and drift chambers, silicon microstrip 
beam and vertex detectors, additional downstream microstrip stations in the 
beam region, three lead glass photon detectors, a hadron calorimeter, two 
transition radiation detectors (TRD), and a multiparticle RICH counter. 

The experiment was designed mainly to study production and decays of charm 



baryons in a hyperon beam [2^. It emphasized the forward production (Xp > 
0.1) region and, consequently, had high acceptance for exclusive low multi- 
plicity processes. Studies of Coulomb production were performed in parallel 
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Fig. 1. Schematic plan view (not to scale) of the SELEX apparatus. Shown are major 
detectors used for these measurements: BTRD — beam transition radiation detec- 
tor; BSSD — beam silicon strip detector; VSSD — vertex silicon strip detectors; 
PWC — proportional wire chambers; Ml, M2 — analyzing magnets; Pb — target 
for this measurement; Cu/C — targets for charm production measurements; S1-S4, 
IC — scintillation counters; HI, H2veto — trigger hodoscope and veto; PHTl — 
lead glass photon detector. 

with the main charm-physics program and several other measurements. This 
imposed certain limitations on the trigger, geometry, choice of targets and 
consequent statistics. 

Wc report studies based on a special short exposure with a thin (1.98 mm) 
Pb target. Figure 1 shows a portion of the SELEX apparatus relevant for this 
measurement. The origin of the coordinate system was chosen to be in the 
middle of the downstream surface of the downstream target, and the Z-axis 
was directed along the beam. The Pb target was located at Z — —55 cm, 
while standard targets for charm measurements were removed for most of 
the exposure. At the position of the Pb target, the beam was composed of 
~50% 7i~ , ~48% S~ and ~1% S~. Fractions of p and fl~ were estimated to 
be less than 0.1%. The beam transition-radiation detector provided rehable 
separation of baryons from tt". Silicon strip detectors (most of which had 
4 /im transverse position resolution) provided parameters of the beam and 
secondary tracks in the target region. After deflection by analyzing magnets, 
tracks were measured in 14 planes of 2 mm proportional wire chambers. The 
absolute momentum scale was cahbrated using the — > tt+tt" decays. Mass 
resolution in the E(1385) region was measured using the beam S~ — > Att" 
decays, and was found to be 6 MeV. 

Reaction (2) was singled out with the help of a special exclusive trigger. This 
trigger used scintillation counters S1-S4 to define beam time, and trigger 
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hodoscopc HI to require three charged tracks. Pulse heights in the scintillation 
counters IC were used to select three charged tracks, while pulse heights in 
counters S2 and S3 were used to suppress interactions initiated upstream of 
the Pb target. Thus, the trigger limited the decay volume of the A to the 
region between the S3 and IC counters, or from —68 cm to 2.5 cm in SELEX 
coordinates. Finally, to reduce the background trigger rate to an acceptable 
level, the aperture was limited by veto counters H2veto, which had very little 
effect on the efficiency for Reaction (2). 

A special on-line filter was used to reduce the number of exclusive events writ- 
ten to tape. This selected events that had at least two reconstructed segments 
downstream of the analyzing magnets. Very loose criteria were imposed on the 
number of hits in the tracking detectors to reduce processing time. All these 
requirements were not very restrictive, and are expected to have only minor 
effect on the process of interest. 



3 Data analysis 

Events for Reaction (2) were selected by requiring a reconstructed beam track 
and three charged tracks in the final state, of which one was positive and two 
negative. The beam particle had to be identified as a ) by the beam 

transition-radiation detector. There was no explicit identification of the pro- 
duced particles: a proton mass was assigned to the positive track and a pion 
mass to each negative track. It was then required that one of the pions and the 
proton formed a good vertex (referred to as secondary) with an effective mass 
close to the A mass: 1.11 GeV < M{pTT~) < 1.122 GeV. Then, a primary ver- 
tex was formed using the remaining pion, the beam, and the reconstructed A 
tracks. Typical resolution for vertices along the beam direction (Z) was 1 cm. 
To suppress inclusive {An" + X) background, the energy sum of the observed 
particles was required to be within ±20 GeV ± two standard deviations) 
of the beam energy. For further supression of these events, the most upstream 
photon detector (PHTl) was used as a guard system, requiring that any reg- 
istered energy be less than 2 GeV. 

Beam S~ — > Att" decays are also selected by the above-described procedure. 
Events in which S~ decays took place in the Pb target constitute unavoidable 
background to the Att^ final state. To study this and all other backgrounds 
caused by beam-particle decays, two regions were defined for the primary 
vertex: a target region (—58 cm < Zpri < —52 cm) and sidebands upstream 

^'^ For example, S~ mr~ decay, with subsequent n dissociation in matter into 
p7r~, mimics Reaction (2) when the p7r~ effective mass faUs in the A window and 
is small. 
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(—63 cm < Zpri < —60 cm) and downstream (—50 cm < Zpri < —47 cm) of 
it. Secondary vertex selection Zg^c > —45 cm provided equal A decay prob- 
abilities for each region. The effective mass distribution of the Att" systems 
for events with very small values of the square of the transverse momentum 
(Pt ^ 0.001 GeV^), where most of the Coulomb production is concentrated, is 
shown in Fig. 2. Data for the primary vertex in the target region are shown 
by the open histogram, and data for sidebands are shown hatched. 

A clear S~ peak is seen in the target region. As expected, to within statistical 
accuracy, the number of S~ decays in the sidebands is the same as in the 

target region. However, outside of the S~ peak, there are almost no events 
in the sidebands. Thus, with exception of the 1.305 GeV-1. 340 GeV region of 
Att" mass, events with a primary vertex in the target region are dominated 
by beam interactions, and background from beam decays is negligible. 



Although it is possible to subtract the background using the sideband regions. 




1.25 1.5 1.75 1.25 1.5 1.75 

M(A7i") [GeV] M(Aji") [GeV] 



Fig. 2. M(A7r ) distributions for 
pI < 0.001 GeV^. Events with a pri- 
mary vertex in the target region are 
shown by the solid line, and events 
corresponding to sidebands are shown 
hatched. 



Fig. 3. M(A7r") distribution for 
< 0.001 GeV^, ignoring the E~ 
region in Fig. 2. Example of a fit is 
shown by the solid line, which includes 
background for I](1385)~ Coulomb 
production (daslicd line) and possible 
signal. The latter is shown by the 
excess above the dashed line and by 
the hatched distribution, which corre- 
sponds to a derived 90% CL upper limit 
for the radiative width of the S(1385)~ . 
The inset shows M(A7r~) distribution 
for 0.002 GeV^ < < 0.006 GeV^. 
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the S~ peak is so dominant that the statistical error on the difference exceeds 
any signal expected in that region. That is why we decided simply to ignore 
the region of 1.305 GeV-1.340 GeV in our analysis. The resulting distribution 
(with a secondary vertex selection of Z > —50 cm, to use the entire decay 
volume) is shown as the histogram in Fig. 3. There is no clear evidence for 
S(1385)~ production, and we use the data to set an upper limit. This requires 
an absolute normalization of the spectrum in Fig. 3, and a description of the 
shape and magnitude of any expected signal. 

The absolute cross section for the observed Att^ spectrum was determined by 
making use of the known YT j-n^ ratio in the beam, and by normalizing the 
data relative to similar diffractive tt+tt^tt^ production on C and Pb nuclei, 
and by then using the absolute tt+tt^tt^ production cross section on C (see 
next paragraph). As far as the trigger is concerned, there is no difference be- 
tween the previously studied three-pion production on C and Pb targets [i^ 
and Avr^ production on the Pb target, provided that the A decayed upstream 
of the IC counters. Main trigger inefficiencies are due to pulse height selec- 
tion in the IC counters and accidental vetoes. These do not depend on event 
topology. Thus, in such an analysis, most trigger and all luminosity uncertain- 
ties cancel. Remaining differences in efficiencies of the trigger and of further 
event processing are mainly due to different kinematics. These are corrected 
using a GEANT-based Monte-Carlo program 0|. In particular, for the Att^ 
system an angular distribution of 1 -|- 3 sin^ Q sin^ is used, as expected for 
electromagnetically produced S(1385)~ in assumption of a purely magnetic- 
dipole transition E(1385)~ ^^7. Due to high (~ 70%, assuming the A 
decayed in selected region) geometrical acceptance of the SELEX apparatus 
to relevant processes, systematical uncertainties of the relative normalization 
are negligible. 

In this analysis, the diffractive production cross section refers to the number 
of events observed in the first diffractive exponential of the distribution for 
events in the 0.8 GeV < M(37r) < 1.5 GeV mass range. This was measured 
in special runs with a so-called "beam" trigger. This trigger employed scintil- 
lation counters to define beam particles and to reject halo, and required no 
information from detectors downstream of the targets. The measured value 
c'"diff(C) = 2.57 ± 0.13mb is based therefore on a completely unbiased set of 
interactions. More detailed information on absolute normalization procedures 
can be found in our previous publication [isj ]. 

The differential cross section for the Avr^ Coulomb production by is given 
by the expression (2?! . l28l | : 

^Z'^T.^-,(M)^^|F(,^)P (3) 
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where a is the fine structure constant, Z is the charge of the nucleus, M is 
the eff'ective mass of the produced system, ct^(M) is the cross section for the 
reaction 7S~ — > Avr", is the square of the momentum transfer, g^j^ is its 
minimal value, and F{q'^) is the nuclear form factor. For the case of photopro- 
duction through the S(1385)~ resonance (designated in the formulae as S*), 
the cross section cr^(M) is given by the expression [2^: 

, _ 2Js> + 1 m|.r(S-7)r(A7r-) 

<5^^^2 _ ^2 )2 2J^_ + 1 (M2 - m|,)' + mlSlt ^ ' 



where J stands for spin and F for partial (and Ftot for total) width. 

The Coulomb form factor F[q^) in Eq. (3) accounts for the nuclear charge 
distribution, initial and final state absorption, as well as the Coulomb phase. It 
was calculated in the framework of the optical model as developed in Ref |3o| . 
This model requires as input the total S~-nucleon cross section cr, and the 
ratio of real to imaginary parts of the forward scattering amplitude (p'), at the 
appropriate beam energy. We used the cross section a = 37.0 mb determined 
in the SELEX experiment, and the extrapolated value of p' = 0.04 131]. The 
impact of these parameters on F{q^) at our energy and range is quite 
minimal. 

At high beam energy, g^j^^ can be approximated by: 

g^i„^(M2-m|_)V(4Pblam) (5) 



For M 1.385 GeV, g^;^ is ^ 3-10~'^GeV^. Cross section (3) peaks at q^ = 
29mirn then falls approximately as Thus, the measured transverse mo- 
mentum distribution is determined mainly by experimental resolution, which 
was obtained from studies of beam S~ — > Att^ decays. In particular, since 
there is no momentum transfer in such decay, the measured distribution di- 
rectly reflects the resolution. This was found to be Gaussian, with a standard 
deviation varying from 16.3 to 17.8 MeV, depending on data set and cutoff 
criteria. Equation (3) was integrated numerically to extract a cross section for 
< 0.001 GeV^, to be used for comparison with data. 

When describing Primakoff production of the S(1385)~ resonance, its mass, 
total width, and branching to Avr" were flxed to their known PDG values js^ . 
The only fltted parameter was the radiative decay width. Background was 
described by two smooth functions, vanishing at the Avr" threshold. The flrst 
function was 

MM) = P,{M- Mthr)^^ exp l-P-siM - M,^,)] (6) 
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where Mthr was threshold mass, and Pi were free parameters. This function 
quahtatively described mass spectrum in the region M < 1.5 GeV. The second 
function, capable of describing the entire mass spectrum, was 

MM) = P,{M- Mthr)^^ exp [-Ps{M - M^hr)] 
+ P4 (M - Mthr)^^ exp [-Pe{M - Mthr)] 



Wc made fits using the whole data set, and using a reduced data set where 
charm targets were absent, and, in particular, resolution was better. There 
are arguments in favour of using for final analysis each of these data sets, so 
we quote an average. The difference is minor anycase. Results of the fits and 
derived upper limits are summarized in Table 1 . An example of a fit (function 
/2, first line in Table 1) is shown in Fig. 3. The fits showed no significant 
changes for small variations in selection criteria and histogram binning. How- 
ever, significant uncertainty is associated with background description. When 
giving an upper limit, there is no conventional way of dealing with such type of 
uncertainty. It was taken into account by using the worst case of function /2. 



Data set 


p(i) 


^ 90% 


T.(2) 

^ fit 


r(2) 

^ 90% 


All data 


0.37 ±3.79 


6.5 


3.66 ± 4.36 


9.8 


Without charm targets 


-1.99 it 4.42 


6.2 


1.32 ±5.08 


9.2 



Table 1 

Results of the fits for r(S~7) and derived upper limits (everything in keV). 

We quote an upper limit at the 90% confidence level, which includes all sources 
of uncertainty, as: 



r [E(1385)" 



E-7 



< 9.5 keV 



(8) 



Our result is dominated by statistical uncertainty and uncertainty, associated 
with background description. Other systcmatics uncertainties include abso- 
lute normalization (5%), transverse momentum resolution (1.8%), accuracy of 
F(q^) (1%), and uncertainties in the PDG parameters of the E(1385)~ reso- 
nant mass (1%), width (5%), and branching to Att" (2%). Added in quadra- 
ture, these do not exceed 8%. The hatched distribution in Fig. 3 shows what 
the signal spectrum would look like, given the limit in Eq. (8). 

It is interesting to investigate what mechanism is responsible for producing 
the Att" system shown in Fig. 3. To do this, a Att" mass distribution was 
studied for the 0.002 GeV^ < < 0.OO6 GeV^ range (sec the inset in Fig. 3), 
which is almost free of Coulomb contribution, and which is expected to be 
dominated by diffractive production. The enhancement in Fig. 3 in the region 
of M < 1.45 GeV is not present at higher transverse momenta. This suggests 
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an electromagnetic origin. To check this, the distributions were studied 
for mass regions below and above 1.45 GeV. Both distributions showed strong 
forward peaking behavior, which could be described by falling exponential 
exp(— ). For M > 1.45 GeV we obtained the slope b ~ 400 GeV~^, a value 
typical for diffractive production on the Pb nucleus, but for M < 1.45 GeV, we 
obtained a slope b ~ 1000 ± 100 GeV~^. This is too steep to be explained by 
diffraction, but quite reasonable assuming a significant Coulomb contribution. 
Thus we conclude that M < 1.45 GeV region is dominated by electromagnetic 
production. Using Eq. (3), it is then possible to derive a cross section for the 
reaction 

7E- Att^ (9) 



Available data do not allow us to separate Coulomb and strong production 
mechanisms very precisely. Also, there is an uncertainty in Avr" detection 
efficiency, since angular distribution of that system is not given by theory. We 
estimate the cross section of Reaction (9), including any possible S(1385)~ 
resonant production, to be 

af7S"^A7r"l =56±12±llub (10) 



Factors, contributing to systematical uncertainty, include absolute normaliza- 
tion (5%), transverse momentum resolution (1.8%), strong production (10%), 
and Att" detection efficiency (15%). 

The fact that electromagnetic production dominates at low effective masses M 
is not surprising, given the factor Mj (M^— m|_) in the cross section of Eq. (3). 



4 Discussion 



The upper limit of 9.5 keV at 90% confidence level, obtained for r[S(1385)^ 
S~7], is the best measurement to date, and improves by a factor of 2.5 the 
only previous limit of 24 ke V 0] • The current limit falls just at the edge o f the 
range of theoretical predictions 0, 0, i, H H Q El Ellil E H iHlii ■ 



As far as we know, the result in Eq. (10) is the first experimental measurement 
of photoproduction on S~. We are not aware of any theoretical calculations 
for this value. In view of this result, it is interesting to discuss prospects for a 
new E(1385)~ — S~7 measurement. Using Eq. (4), the dependence between 
the cross section for resonance photoproduction at the E(1385)~ pole and 
the radiative width of this resonance can be expressed numerically as = 
3.5 /ib/keV x Frad- For Frad in the predicted range, the resonant cross section 



11 



is small compared to the total of 56 /xb. Thus, a measurement of the radiative 
width will require a more sensitive experiment by an order of magnitude if 
Trad ~ 4keV, or by two orders of magnitude if Fj-ad ~ 1 keV. 

Finally, we comment on a previous measurement |4]. In that experiment, the 
upper limit of 24keV was based on 2 events observed in the Avr" spectrum 
in the 1.375 GeV < M < 1.405 GeV mass range, and correspond to at most 
5 events at 90% CL We have a factor of ~30 more Avr" events in that 
mass range, while our upper limit is only 2.5 times lower. This is because 
an upper limit is determined mainly by the statistical uncertainties of the 
electromagnetic nonresonant component in Avr" production. Using our value 
in Eq. (10) for the Avr" photoproduction cross section, we predict 4.0 ± 1.2 
events from Coulomb production in the spectrum of Ref. Of course, there 
should also be a contribution from strong production. Still, two detected events 
seems to be a credible fluctuation down from an extrapolation of our result. 
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